Vegetative propagation by stem cutting is an important technique applied for agricultural production where rooting success is one of the major aspects. A study to assess the effects of mode of application of rooting hormones (IBA) on adventitious root formation of V. paradoxa stem cuttings was conducted. Accordingly, four application methods were investigated in a 4 × 3 factorial experiment using a Completely Randomized Design (CRD). The application methods were: 24-hour extended soak, foliar spraying, basal quick dip and delayed IBA application method. Thus, the parameters used to determine rooting success were mean root length and root number. The effect of these application methods on occurrence of bud break was also considered. On the whole, root length was observed to be a function of IBA concentration, whereby root length increased significantly (P ≤ 0.05) with an increment in IBA concentration. Stem cuttings subjected to 24-h extended soak at 100 ppm rooted best (59.5% ± 8.33%), where as foliar sprayed stem cuttings exhibited the worst rooting success (11.9 ± 3.06 -23.8% ± 4.16%). Bud break appeared to decrease with increasing IBA concentration and delaying IBA application enhanced rooting percentage of the quick dip method by 7.1%, 9.5% and 11.9% at 2500 ppm, 3500 ppm and 4500 ppm, respectively. The extended soak method of IBA application at 80 ppm shows potential for large scale production of V. paradoxa through stem cuttings.
nomic importance in Sub-Saharan Africa [1] . The shea tree has multitudinous uses ranging from consumption as a traditional food additive to utilization in the pharmaceutical, confectionary and cosmetic industries. Its demand is ever increasing inversely with the productivity and this has necessitated research into various propagation techniques such as grafting, cutting and layering.
According to [2] , three methods of applying auxin to stem cuttings have been most common in commercial horticulture over the past 70 years. These are: the basal quickdip (concentrated-solution dip or quick-dip) method, the powder (talc or dust) application method, and the dilute soak (dilute-solution soaking) method. The basal quickdip and powder application methods tend to be most common, with the quick-dip generally considered to be the superior method of the two [3] .
Some uncommon methods of auxin application include: injection; acid/base pretreatment, foliar sprays, and substrate application methods. According to [4] , auxins can also be administered by injecting solutions of IBA or NAA into the xylem at either 10 cm from the plant base or 10 cm below the uppermost lateral shoot at 1 to 8 weeks before the cuttings are severed from the plants. [5] also found that rooting of hardwood cuttings can be promoted if they are dipped in either 2 N sulphuric acid for 20 sec or in sodium hydroxide for 10 min prior to auxin application and placement into a rooting substrate.
As efforts towards vegetative propagation of shea tree via stem cuttings have usually centered on the basal quick dip method [6] [7] [8] [9] , it means that merits of other auxin application methods had not yet been explored. Besides the standard practice of the basal quick dip method, there has also been vast evidence in literature that uncommon methods of auxin application could potentially increase plant sensitivity to exogenous auxins thereby enhancing adventitious root formation [2] . Since most research had only reported rooting response and neglected influence of auxin concentration on subsequent budbreak, this study aimed at closing these knowledge gaps by evaluating the response of V. paradoxa stem cuttings with other modes of auxin application.
Materials and Methods

Study Area
Experiments to determine the effect of auxin mode of application on rooting and budbreak of shea tree coppice cuttings were conducted at Ngetta Zonal Agricultural Research and development institute located in Lira district, Northern Uganda between March and July 2014.
Stem Cutting Types and Preparation
Coppice cuttings measuring 25 cm in length were obtained from 3 months old coppices of mature V. paradoxa trees; wrapped in damp manila paper, placed firmly in buckets and transported to the research station. Coppice cuttings have been chosen because coppicing helps to promote physiological juvenility in difficult-to-root tree species by producing shoots that root more readily [10] . The cuttings were then reduced to 12 cm in length and subjected to various IBA treatments prior to placing them firmly in a polythene propagator containing rooting substrate.
Experimental Setup
Subsequently, the 12 cm long shoot tip cuttings were used in a 4 × 3 factorial experiment (4 modes of IBA application × 3 concentration levels) with 42 cuttings per treatment (Table 1) . A Completely Randomized Design (CRD) was used with three replications [11] .
The extended basal soak treatment involved bundling 21 stem cuttings together using rubber bands and placing the basal portion (2 cm) of the cuttings into dilute solutions of IBA for 24 hr in a room with indirect lighting prior to insertion into the rooting substrate.
For the basal quick dips, the basal 1 -2.5 cm portions of the cuttings were dipped for ten (10) The stem cuttings were later housed in wooden propagation boxes lined with black polythene. These propagators were set up beneath a black shade net that provides 75% light intensity. Growth temperature ranged between 12.1˚C and 32.0˚C. The rooting substrate comprised of a sterile vermiculite + perlite mixture (1:2 v/v). Vermiculite was used because of its ability to hold water whereas perlite was included to improve aeration of the rooting substrate. Removal of dead cuttings and leaves was done on a weekly basis and watering was done only when humidity levels fell below 75%. This is because at a higher humidity, cuttings appeared to deteriorate at the basal end, hence affecting their survival rate.
Data Collection and Analysis
Cuttings were evaluated for rooting 120 days upon establishment and data were collected on; number of rooted cuttings, quantity and length of developed roots [9] and occurrence Where IBA = Indole-3-butyric acid.
of auxiliary bud break [15] . All data were entered and stored into Ms Excel (2007) computer package. Data were analyzed using R-system software, version 3.2.0 [16] . In order to investigate the quality of rooting success (root number and root length) between four modes of auxin application on shea stem cuttings, analysis of variance (ANOVA) was conducted [11] . Where treatments were found to be significantly different, the Tukey's Honestly Significant Difference (HSD) was used to make pair wise comparisons [17] .
Results
Stem cuttings subjected to 24 h extended soak at 100 ppm rooted best (59.5% ± 8.33%).
This was followed by delayed IBA application (52.4% ± 4.36% -54.8% ± 6.08%), basal quick dip (42.9% ± 7.23% -47.6% ± 4.73%) and foliar sprays (11.9% ± 3.06% -23.8% ± 4.16%) in descending order. At the end of the experiment, foliar sprayed cuttings exhibited the largest proportion of dormant (26.2% ± 3.00% -35.7% ± 4.04%) and dead cuttings (42.9% ± 8.96% -57.1% ± 11.79%) altogether. Delaying IBA application enhanced rooting percentage of the quick dip method by 7.1%, 9.5% and 11.9% at 2500 ppm, 3500 ppm and 4500 ppm respectively. It also enhanced mean root length and roots per cutting ( Figure 1 , Table 2 ).
Cuttings that received the extended basal soak treatment not only produced the fewest (2.8 ± 0.68 -3.3 ± 0.68), but also the longest (11.4 ± 2.42 -15.5 ± 1.24 cm) roots.
Overall, root length was observed to be a function of IBA concentration; whereby root length increased significantly (P ≤ 0.05) with an increment in IBA concentration except for the quick dip method (Table 2) . Stem cuttings that exhibited the highest bud break were those subjected to delayed IBA treatment after 1 month. On the whole, bud break appeared to decrease with increasing IBA concentration (Table 2 ).
Discussions
Generally, root length was observed to be a function of IBA concentration; whereby root length increased with an increment in IBA concentration (except for the quick dip method). This finding concurs with a report by [18] who asserted that effectiveness of exogenous application of auxin in promoting rooting on stem cuttings is dependent on adequate absorption by plant tissue. Accordingly, the absorption of auxin solutions at the base of stem cuttings can be influenced by auxin concentration, with increasing concentration providing greater uptake. Indeed, the overall superiority of the extended basal soak (Figure 2(b) ) over other application methods in terms of rooting percentage and root length can be attributed to increased uptake of auxin by the cuttings which may have enhanced these rooting parameters [2] .
The basal quick dip method is considered as the most common way of applying auxin [19] [20] . The results of the rooting percentage, mean length and mean root count that ranged between 42.9% -47.6%, 6.9 -10.6 cm and 5.1 -6.2 roots respectively for the quick dip method ( Table 2 ) was found to be contrary to the finding by [9] whose work on rooting success of Vitellaria paradoxa stem cuttings indicated that the number of roots per cutting had increased with higher IBA concentration.
Although this was contrary to findings in the current investigation, rooting percentage in both experiments recorded similar results. The disparity could be a result of genetic variation between the different stem cuttings in the two studies. Cuttings used in the present investigation were of V. paradoxa ssp. nilotica whereas the previous study evaluated stem cuttings of V. paradoxa ssp. Paradoxa [21] . Accordingly, varying responses to plant growth regulators can be due to intrinsic factors based on the genetics of plant materials used [22] .
On the other hand, the lowest rooting percentage of between 35.7% and 38.1%, exhibited by the foliar sprayed cuttings (Figure 2 ), could be due to inadequate translocation of auxin (IBA) from the site of application (stem tips and leaves) to the site of adventitious root initiation. This is because exogenous auxins usually move acropetally in the xylem meaning that translocation in the xylem is unlikely to occur to any great extent when auxins are applied as foliar sprays unless when auxin is applied directly to the soil or to a cut plant part, providing direct access to the transpiration stream [2] . Another line of argument by [20] is that auxins applied as foliar sprays are usually not retained long enough for adequate absorption to take place.
Despite this, foliar spray applications elsewhere [23] [24] gave better rooting success than those recorded in this study with V. paradoxa cuttings. A possible explanation could arise from the frequency of auxin application. In the other investigations, single foliar sprays were applied within 24 h of sticking the cuttings into the rooting substrate whereas in the current study, bi-weekly foliar sprays were conducted for one month during the experimental period. Since repeated spraying was found to produce negative effects on root and shoot development of Rosa spp. (red cascade rose) cuttings [25] it is likely that continued application of auxin may have had a negative influence on rooting success of V. paradoxa cuttings in this study.
Even when the use of delayed auxin treatment with stem cuttings has been rarely reported in most studies, in the current investigation; delayed IBA treatment delivered better rooting percentage (52.4% ± 4.36% -57.1% ± 7.55%) than foliar application (11.9% ± 3.06% -23.8% ± 4.16%) and quick dip method (42.9% ± 7.23% -47.6% ± 4.73%). It also gave the highest mean number of roots per cutting (6.6 ± 2.19 -7.0 ± 2.01). A similar run of results was obtained by [19] when working with difficult-to-root cuttings of Eucalyptus nitens. In that study, root initiation occurred in response to a 48-hr basal soak in a solution of IBA at 20 mg/liter (ppm), with the greatest response obtained when auxin was applied 4 or 5 weeks after the cuttings were inserted into the rooting substrates since early bud break ( Figure 3 ) and shoot growth are vital for survival of propagated cuttings [26] . The decrease in bud break with increase in IBA concentration for all the treatments evaluated (Table 2) indicates that IBA strongly influences shoot development. A similar trend was observed by [15] in a study to examine the relationship between IBA concentration and bud break in Rosa hybrida cuttings whereby increase in IBA concentration (from 0 -1200 ppm) subsequently reduced bud break. In fact, IBA treatment remarkably reduced bud break of cuttings such that, a concentration of IBA ≥ 600 ppm almost completely inhibited budbreak of cuttings during the first four weeks in that study. This decrease in bud break could be attributed to ethylene synthesis stimulated by IBA. This is so because at 1000 ppm IBA can stimulate more ethylene production that is responsible for delaying budbreak to a greater extent than the 500 ppm treatment. As control cuttings had the lowest ethylene level and highest percent budbreak, it implies that subsequent increase of IBA concentration in the present study might have resulted in ethylene production that eventually suppressed budbreak.
In general, exogenous auxin application usually influences rooting success by auxins exerting their effects in plant tissues located near the region of contact with the plant growth regulator [27] . These effects can also be related to the timing of IBA applications [19] as well as its concentration [28] .
Conclusion
Based on percentage rooting, mean root number per cutting and average root length of V. paradoxa stem cuttings, the extended basal soak method/mode of auxin application studied produced the best results. V. paradoxa stem cuttings subjected to bi-weekly foliar sprays produced the poorest rooting success. Thus, the 24-hr long soak method at 80 ppm and delayed auxin application at 3500 ppm are the recommended stem cutting propagation methods to be adapted for large scale propagation of V. paradoxa through stem cuttings. Nonetheless, given the economic significance of foliar spraying, more investigations into this application method need to be conducted.
